ABSTRACT: The present work investigated the electrochemical behavior of zinc plate treated with 3-(Aminopropyl)triethoxysilane, 3-(Trimethoxysilyl)propyl methacrylate solutions containing TiF62-, ZrF62-and modified with different concentrations of nano-particles. The morphologies of passivation films before and after immersion were characterized by scanning electron microscopy (SEM). Complementary studies were carried out with electrochemical impedance spectroscopy (EIS) and neutral salt spray test (NSS). The result showed that there are a layer of continuous and uniform film on the surface of substrate, and the film kept stable during the early period of immersion. The scanning electrochemical microscopy together with EIS showed that the anticorrosion ability increased with the rise of SiO2 nano-particles concentration, which leaded to enhanced resistance in return by higher density of corrosion.
INTRODUCTION
Hot-dip galvanized steel and electro galvanized steel are widely used nowadays for their excellent processing performance and anticorrosion ability. And passivation treatments are needed to improve corrosion resistance. Several alternative conversion treatments were investigated to develop non-hazardous and easy implementation were studied to replace the chromate for its toxicity (e.g., see Kong, 2010 , p. 545-550, and Aramaki, 2001 , p. 2201 -2215 .
Among all the environment friendly methods, the treatment of silane coupon was widely studied for its significant anticorrosion ability (Zheludkevich et al., 2005) . However, single layer of silane film can´t meet the standard of corrosion resistance. Hence many kinds of modifications are applied to enhance the corrosion capacity (e.g., see Ferreira, 2004 , p. 2927 -2935 , and Song, 2006 . Nano-particles can be added to the pre-treatment as reported for sol-gel coatings or they can be synthesised in the film (Castro et al., 2004) . The previous research of Van Ooij and his colleagues demonstrated that SiO 2 nano-particles enhanced corrosion resistance by producing stable silicate during the corrosion process (Palanivel, V. et al., 2005) . The works of Montemor showed that SiO 2 and CeO 2 activated with cerium ions performed better than the single nano-particles (e.g., Montemor, 2006 , p. 2875 -2885 , and Montemor, 2009 .
615
In this work, a combination of both inorganic and organic treatments was applied to make protective barrier over the surface of zinc coating.
EXPERIMENTAL DETAILS
The zinc coatings were plated onto mild steel serving as cathodes with a dimension of 10×10×2mm. The substrate was mechanically polished up to 2000 grade abrasive paper and then and cleaned in pure acetone and distilled water. ZnSO 4 solution was chosen to obtain zinc coating. The samples were then immersed in silane composition solutions with increasing concentrations of SiO 2 nano-particles respectively to obtain uniform and continuous films.
RESULTS AND DISCUSSION

Morphologies
Figure 1 revealed that the coatings formed on Zinc surface were smooth and uniformed, showing a very dense and compact structure with no cracks and pores prior to immersion. After 7 days immersion, Figure 2 showed that the out layer of the coating were somehow released during the immersion, and corrosion products formed on the surface of samples. Such release and corrosion products change the outer surface where micro cracks and corrosion pits are formed. The scan clearly shows that the film was more heterogeneous and porous than before. Besides, Figure 1 showed that there were almost no difference between three samples before immersion. While Figure 4 revealed that the total impedance of the system of sample 1 was lower than sample 2 and 3, and the sample 1 to 3 contained increasing concentration of SiO 2 nano-particles respectively. The addition of different amount of nanoparticles led to an important rise of the impedance. For example, after 7 days immersion, the total impedance of sample 3 nearly kept at 4, while sample 1 and 2 floated around 3.5. More detailed interpretation of the EIS measurements was performed by fitting the experimental plots using the equivalent circuit depicted in Figure 6 and obtained the values of every elements (Montemor et al., 2008) . The R s is the solution medium resistance, and CPEc stands for the 617 capacitor of passivation film. R c means the resistor of the passivation film, determined by the components and the density of microstructure of film. CPE dl reflects the value of double layer capacitor between silane composition film and zinc layer, and the change of R ct value during the immersion revealed the change of film resistor of corrosion products. In Figure 5 , total impedance of sample 3 contained 0.3g/L nano-particles declined at the beginning and then increased, while the Figure. 3 revealed that the total impedance decreased with the immersion time. This phenomenon can be attributed to the rise of R ct value in the equivalent circuit. Values of R ct of sample 1 and sample 2 decreased during the immersion, and the differences were within in a magnitude. However, the value of R ct in sample 3 dropped slightly at first and then accelerated to 7000Ω as revealed in Figure 7 . 
CONCLUSION
It was demonstrated that the addition of certain concentration of SiO 2 nanoparticles improved the corrosion protection due to the formation of thicker films and the SiO 2 particles accumulated in the inner layers of the silane film, stabilizing them. Besides, the nanoparticles can fill the reticular structure of silane composition film and make film become more compact and dense. The SEM images above reflect that with the help of SiO 2 nano-particles, the surface contains less defects and cracks, and the corrosion products were dense and compact. When the silane network degrades, the SiO 2 nano-particles are leached out and combined together with the zinc corrosion products. This kind of layer made up of corrosion product and nano-particles can provide protection even if the zinc layer has been corrupted.
